BACKGROUND
Heatwaves in Europe and the USA have been shown to cause excess mortality among older persons. The summer of 2018 was unusually hot in south-eastern Norway. The purpose of this study was to investigate whether more older persons died that summer compared with the average for the previous ten summers. MATERIAL 
AND METHOD
Temperature data from the Norwegian Meteorological Institute and mortality data for the summer of 2018 (June, July and August), divided into age groups and counties, were compared to the previous ten summers. RESULTS For Norway as a whole, there was no increase in mortality among persons more than 75 years and 85 years of age in summer 2018. None of the counties in south-eastern Norway stood out as having elevated mortality for persons more than 75 years of age, apart from Vest-Agder county. Three counties, among them Aust-Agder, had somewhat lower mortality than expected.
INTERPRETATION
We are unable to show any increase in mortality among older persons in summer 2018 compared with the average for the period 2008-17. Due to climate change and prognoses of more frequent heatwaves, mortality should nevertheless be monitored and public warning systems considered.
The global climate changes we are witnessing entail consequences for our health. Heatrelated morbidity and death are some of these consequences (1) . The association between health condition and climate impact is complex and involves medical, social and environmental factors (2) . Death can be directly caused by high temperatures (heat stroke) or indirectly by causes related to the effects of heat on chronic conditions such as diabetes, cardiovascular diseases, respiratory diseases and frailty in older persons (3) . There is evidence of excess mortality among older people during heat waves in Europe (4, 5) . A study from Finland that investigated the relationship between average daily temperature and mortality in the Nordic countries found that mortality rose during both very low and very high temperatures (6) . In Sweden, both total mortality and mortality from cardiovascular diseases have been shown to increase during heatwaves (7) .
The summer of 2018 was unusually warm in South-Eastern Norway, with extended periods of warm weather and record temperatures in many places. Prognoses for climate change indicate that we can expect larger climate variations, with warm summers becoming warmer (8) . It is crucial to investigate whether older people in Norway constitute a vulnerable group during heatwaves. Heat-related illness, injury and death are preventable, for example through improved social conditions for vulnerable groups and 'heat alerts' with advice to the population (9, 10) .
In this study, we investigated whether there were more deaths among older people during the summer months (June, July and August) in 2018 when compared to the ten preceding years.
Material and methods
This is a descriptive epidemiological study in which we have examined temperature data and mortality data for the summer months of June, July and August over the years 2008-18. The Norwegian Meteorological Institute has provided temperature data from central weather stations in each county. Data on mortality were retrieved from the National Registry and grouped by age: under 75 years, 75-84 years and over 84 years. We have chosen to analyse the data by county, but we have also grouped the data by the four health regions.
We used a Poisson regression to model the trend in mortality over the summer months. We included a dummy variable for the summer of 2018 that captured the mortality in this period specifically, and the coefficient for this dummy variable indicated whether mortality in the summer of 2018 differed from that of the other years.
The population figures for the counties were added to the model as a logarithmic offset. The model can be expressed as follows:
N is the number of deaths during the summer months of June, July and August, where a is the mortality for the initial year of 2008, t is the year (2008-18) with the coefficient b, and coefficient c indicates the divergence for the summer of 2018. The relative risk of death (RR) is found by taking the exponent of c, RR = exp(c). For temperature, we used linear regression with a similar dummy structure, in which c indicates the difference in absolute temperature for the summer of 2018 when compared to the preceding summers.
Results
At the nationwide level, the summer of 2018 was 1.5 °C warmer than the preceding summers. All the counties of South-Eastern Norway had elevated temperatures in the summer of 2018, while the other counties did not differ significantly from the preceding years in this respect. Buskerud county had the greatest divergence from normal temperatures, with 2.7 °C above average in the summer of 2018 (Figure 1) . In Norway as a whole, there was no excess mortality in the age group above 75 years in the summer of 2018. In this age group, none of the counties in South-Eastern Norway stood out in terms of increased mortality, with the exception of Vest-Agder, where mortality was 23 % higher than expected (RR = 1.23; 95 % CI 1.13-1.34). Aust-Agder, on the other hand, had a lower mortality than expected. No counties in the other health regions had increased mortality, while Møre og Romsdal and Nordland had decreased mortality ( Table 1 and Figure 1 ). Nor could we find any increased mortality among persons over 85 years (data not shown). 
Discussion
The summer of 2018 was unusually warm in South-Eastern Norway (8), but we found no excess mortality among older people (over 75 years) in this period when compared to the preceding ten years. This contrasts with studies from Sweden and Finland, as well as from countries in Central and Southern Europe, which have shown excess mortality among older people related to heatwaves (4-7). There may be a number of reasons for this. First, there are relatively few deaths and thereby large confidence intervals, and the temperatures have not been as high as in heatwaves further south in Europe. We have not checked for excess mortality in smaller geographical areas or over shorter periods, caused by many consecutive days with a high mean temperature. Vest-Agder county stands out in terms of a higher number of deaths among persons older than 75 years. Most likely, this is a random finding, supported by the fact that three counties, including neighbouring Aust-Agder, had fewer deaths. We have not studied deaths in smaller population groups, for example older people living in city centres or in areas with poor living conditions. However, a study from Sweden points to little effect of socioeconomic factors (7) .
Although there was no excess mortality, the heat may have given rise to increased morbidity, including for reasons such as dehydration, falls and exacerbation of chronic illness. Good family and neighbourly relations and well-functioning home-based services and health services may have counteracted increased mortality. Norway has no official alert service for extreme temperatures, but media focus with recommendations for measures may have had a positive effect. Our results provide no strong arguments for establishing an official alert service similar to what is found in other countries (10) , but this may become more relevant in the future (11) .
Although we failed to find any excess mortality, there is reason to study and monitor possible adverse effects of extreme temperatures on vulnerable population groups, such as older people, the chronically ill and substance abusers. In particular, there is a need for more research that can elucidate environmental, climate-related and individual factors that have a bearing on morbidity and mortality. This will be especially important since the prognoses for climate change indicate that we will see more periods with high temperatures.
